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RESEARCE MEMORANDUM

EFFZECTS OF CANOPY, REVISED VERTICAL TAIL, AND A YAW-DAMPER
VANE ON THE AFRODYNAMIC CHARACTERISTICS OF A 1/16-SCALE
MODEL OF THE DOUGLAS D-558-IT RESEARCH ATRPLANE
AT A MACH NIMBER OF 2.01

By Ross B. Robinson
SUMMARY

The aerodynamic characterisiies in pitch and sideslip of & revised
l/lG—scale model of the Douglas D-558-I1 research airplane, with and
without a yaw-damper vane, are presented for a Mach number of 2.01. The
revised model incorporated a canopy and a modified vertical tail in order
to simulate more closely the present sirplane configuration. The model
was tested through an angle-of-attack range of -2° to about 13° &t an
angle of sideslip of 0° and an angle-of-sideslip range of -2° to about
10° at an angle of attack of 0°. The results ere compared with those
previously obtzined for the originzl model configuration.

The revised configurstion had higher directional stability, trim
lift coefficients, and drag and more positive effective dihedral than the
original configuration. The static longitudinal stebility, the lift-curve
slope, and the effectiveness of the horizontal stabilizer were not signif-
lcantly altered by the changes in configuration.

The vane effectlveness parameter Cn5v increased rapidly with
increasing lift coefficient and but only slightly with angle of sideslip.

INTRODUCTION

Various investigations have been conducted that are concerned with
the aerodynamic characteristics of the Douglas D-558-I1 research ailrplane
which is currently undergoing flight tests by the NACA High-Speed Flight
Research Station at Edwards Air Force Base, Calif. A 1/16-scale model
of the original configuration has been investigated at high subsonic and
low supersonic speeds in the Lengley 8-foot high-speed tunnel (ref. 1)
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and at Mach numbers of 1.6l snd 2.0l in the Langley 4- by k-foot super-
sonic pressure tunnel (refs. 2 and 3). Recently the original model has
been modified to simulate more closely the present airplane configuration
by the addition of a cznopy and by increasing the size of the vertical
tail. A small vane simulating that to be used in conjunction with & yaw
damping system proposed by the Stability Anslysis Section of the Langley
Aeronautical Laboratory (ref. 4) was also incorporated into the model.

The present paper presents the aerodynamic characteristics of the
revised model in piltch and sideslip, with and without a yaw-damper wvane,
at a Mach number of 2.0l znd = Reynolds number of 1.46 x 105 based on
the wing meen serodynamic chord. The model was tested through an sngle-
of-attack renge of about -2° to about 13° at an angle of sideslip of o°
and an angle-of-sideslip range of -2° to ebout 10° at an angle of attack
of 0°. These results are compsred with those obtained for the originsl
model configuration.

COEFTICIENTS AND SYMBOLS

The results of the investigstion are presented as stendard NACA
coefficients of forces and moments. The data are referred to the stabil-
ity axis system (fig. 1) with the reference center of gravity at 25 per-
cent of the wing mean aerodynamic chord. The coefficients and symbols
are defined as follows:

Cy, 1ift coefficient, -Z/qS

Cx longitudinal-force coefficient, X/qS
Cn pitching-moment coefficient, M'/qSE
Cy lateral-force coefficient, Y/qS

Cy rolling-moment coefficient, L/gSb
Cn yawing-moment coefficient, N/qSb

X force elong X-axis

Y force along Y-axis

b force along Z-axis

L moment about X-axis

M! moment sbout Y-axis
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N moment about Z-exis
q free-stream dynamic pressure i
b wing span
S total wing area including body intercept
é wing mean serodynamic chord, 5.46 in.
M Mach number
a angle of attack of body center line, deg
B angle of sldeslip of body center line, deg
it stebilizer incidence angle with respect to body center line,
deg
Op rudder deflection with respect to body center line, deg
Sy yaw-damper vane angle with respect to body center line, deg
L/D 1ift-drag ratio, Cp/-Cx for B = O°
Cr,, lift-curve slope, dCr/da
CmCL static-longitudinal-stebility derivative, daCp/acy,
EEE incremental change in pltching-moment coeffilcient with
Ady stabilizer incidence
CYB = dCy/ap
CnB static-directional-stability derivative, dCp/dp
CZB effective-dihedral perameter, daCy/dp
Cp. = dCp/ddy
ov
CYSV = d.CY/d.SV
cZSV = dCy/asy
(ACy)y increment of lateral-force coefficient due to addition of

vertical tail
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CACn)t increment of yawing-moment coefficient due to addition of
vertical tail

(ACZ)t increment of rolling-moment coefficient due to addition of
vertical tail

MODEL AND APPARATUS

A three-view drawing of the model is presented in figure 2. Detaills
of the yaw-damper vane are shown in figure 3. The vane is offset from
the center line of the body so that clearance msy be provided for nose-
wheel retraction on the airplane. The modifications to the original
model are: (1) addition of a canopy and (2) alteration of the verticel
tall to a plan form similar to that now used on the ailrplane (see fig. 2).
The afterportion of the fuselage was slightly enlerged on both models to
accommodate the balance. Geometric charscteristics of the model are
presented in table I. Coordinates for the body are given in table I1
and for the canopy in table ITI.

The model was equipped with a wing having 35° of sweep of the
0.30-chord line of the unswept panel, aspect ratlio 3.57, taper ratio 0.565,
and NACA 63-010 airfoil sections normal to the 0.30-chord line. The wing
had 3° of incidence with respect to the fuselage center line and 5 of
negative geometric dihedral. The model wing section differs from that of
the airplane in that the wing tip section of the alrplene is an NACA
631-012 airfoil section.

Deflections of the stabilizer and yaw-demper vane were set manually.
The rudder deflection was O° for the present investigation. The canopy,
vane, wing, vertical tail, and stabilizer were removable to facilitate
the 1nvestligation of various combinations of component parts.

Force and moment measurements were made through the use of a six-
component internal siraln-gage balance. Base pressure was measured by
a single tube in the plane of the model base.

TEST CONDITIONS

The conditions for the tests were:

Mach nUMDBET . &« o & ¢ « « o ¢ o o o o o o o « o s o o o o « o 2.0L
Reynolds number, based on & . . . . . . . e e e .. .16 x 108
Stagnation dewpoint, OF . . . e e et e e e e e e e . -25
Stagnation pressure, 1lb/sq in. abs e s e e e e e e e e e e 13
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Stagnetion tempersture, °F . . . . . . . . . . 0 i e ... . 100
Mach number variation . . « & ¢« & ¢ & &« o ¢ 2 & « = &« o + o « +0.015
Flow angle in horizontal or vertical plane, deg . . . . . . . +0.1

CORRECTIONS AND ACCURACY

The angles of attack and sideslip were corrected for the deflection
of the balance and sting under load. No corrections were applied to the
data to sccount for the tunmnel flow variations. The base pressure was
measured and the longitudinal force data were corrected to a base pres-
sure equal to the free-stream static pressure.

The estimated errors in the data are:

CL, « = = = « = = & = & & & &« = o e e e e e e e e e e e .. . TO.00M

CX o o o = o & o o o o o o o e o e e e e e e e e e e e e ... 10.002
CF « o o o o & o o o o o o o s e e e e e e e e e e e e e .. TO.002
CIL « = « = « = o« « o o o o o o + o o s o o e e s e e o v «...to.000T7
Crl o o = o & & o o = = o o o o & e e e e e e e e e e e e e e . .E0.0005
Gl « v o ¢ & o e o o ot e e e e e e e e e e e e e e e e e . t0.0003

Cy QBE @ v & v o 4 4 e e e b e e e e e e e s e s e e e e e 0.1
I, deg . ¢ ¢ ¢ o c ¢ 4 e 5 e ® o o s s e a 8 = s v 8 8 e = e s 0.1
By, ABE o v o ¢ = o o 4 a s e 2 o s s s o s e s e s e e o 4 s s e 10.1

PRESENTATION OF RESULTS

The results of this investigation are presented in two sectiions:
(1) the effects of the canopy and revised vertical tail on the aerodynamic
characteristics of the model and (2) the characteristics of the yaw-
demper vane in pitch and sideslip and the effects of the vane on the
characteristics of the revised model. A table of the figures presenting
the resulis is given below:

Figure

Effects of canopy and revised vertical tail on the

aerodynsmic characteristics in pitch, B =0° . . . « ¢« « « « « ¢« « &
Effects of canopy and revised vertical tail on the

aerodynamic characteristics in sideslip, « =0° . . .. ... .. 5
Effects of canopy and revised vertical tz2il on incremental

lateral characteristics produced by vertical tsil, «=0° . .. . 6
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Variation of CnB with Mech number . . . . . . .« « ¢« ¢« ¢ ¢« ¢« « &« « « T
Effects of yaw-damper vane on the aerodynamic

characteristics in pitch, B =0° and it =0°. ... .. .. .. 8
Effects of yaw-damper-vane deflection on tne aerodynamic

characteristics in sideslip, a« =0° and it =0° .. .. .. .. 9
Variation of lateral characteristics with yaw-damper-vane

deflection for various values of Cr, . « . ¢ + ¢ v ¢ v ¢ ¢ « « « . 10
Summary of ysw-damper-vene charscteristies . . . . « « ¢« ¢« . ¢ &« « . 11

The model with the canopy and the revised vertical tail used in this
investigation is designated the revised model; the model without the
canopy and with the original vertical tail is referred to as the original
model (refs. 2 and 3).

A summary of static longitudinal and lsteral stabllity character-
istics for the various configurations without the yaw-damper vane are
presented in table IV. Experimental and estimated yaw-damper-vane
characteristics are given in teble V.

DISCUSSION

Effects of Canopy and Revised Vertical Tail

Aerodynamic characteristics in pitch.- Addition of the canopy and
revised vertical tail resulted in about 10 percent greater velues of
longitudinal force for the revised model in the low 1lift range but did
not significantly alter the lift-curve slope CLm or the static longl-

tudinal stability (fig. 4 and table IV). Most of the increased longi-
tudinal force and the positive increase in 1ift at constant angle of
attack is produced by the canopy (figs. 4 and 5(b)). The lift on the
canopy and the greater drag of the larger vertical tail produce more
positive values of Cp at constent 1ift coefficients for the revised
model, with a resulting increase in trim 1lift coefficient for both values
of it. For constant angles of attack the stebilizer eff'ectiveness

igm was about the seme for both models (table IV).

(%]

Aerodynamic characteristics in sideslip.- The canopy had a destabi-
lizing effect on the directional-stabillity derivative as expected and
increased the effective dihedral (fig. 5). The effect of the revised
vertical tail was to increase both the directional-stability derivetive
and the positive effective dihedral of the complete model (fig. 5 and
table IV). The increases in incremental lateral characteristics produced
by the larger vertical tail in conjunction with the canopy (see fig. 6)
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are approximately proportional to the increased tail arez. The value
of Cp, Was nearer to that estimated for the complete airplane in

reference 5 (fig. 7).

Little change in the variaition of the longitudinal characteristics
with sideslip angle was obtained for any of the configurations tested
(fig. 5(b)).

Tt should be pointed out that the value of iy was O° for the
revised model and 2° for the original model, but this small difference
should have little effect on the variation of the aerodynamic character-
istics with sideslip.

Effects of Yaw-Damper Vane

Aerodynemic characteristics in pitch.- The yaw-damper vane produced
e significant positive increment in G, which increzsed with positive
deflection of the vane (fig. 8), probably as a result of more vpositive
pressures under the nose and wake effecis on the lifting surfaces. As
& result, trim 1lift coefficients also increased with vane deflection.
The effectiveness of the vane in producing Cp increased greatly with
increasing Cg, (figs. 8 and 10), whereas the values of C; and Cy

=

for & given deflection varied little with 1lift coefficient.

Aerodynamic characteristics in sideslip.- The vane decressed the
directional stability CnB from a value of 0.002: to 0.0020 and slightly

increased the positive effective dihedral of the model (fig. 9 and
table V). The experimental incremental change in the slope of the
lateral-force coefficient-curves ACy due to the vene agreed well with

the value estimated by the method of reference 6 {table V). Velues of
ACzB and ACnB estimated in a similar manner are somewhet low. For

the range of sideslip angles investigeted, the changes in the values of
CL, Cx, eand Cpy at a constent vane deflection were slight. Experimental
values of CYBV’ CZSV’ and Cn5V obtained from figure 10 were close to

those estimated by the method of reference 7 considering the vane to be
an isolated lifting surface (teble V). The vane effectiveness psrameter
Cn5 incressed rapidly with increasing 1ift coefficient and slightly

v
with angle of sideslip (fig. 11). The dashed portion of the Btrim
curve was estimated by using a velue of CnSV for o = 0° +to extrapo-

late to & vane deflection of 15°. Since the vane is not symmetrically
mounted on the fuselage, a vane deflection of -k° or a rudder deflection
of gbout -1.5° (ref. 3) would be required to maintain zero sideslip.

The rudder was about three times as effective as the vane in producing
trim sideslip angles.
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CONCLUSIONS

A wind-tunnel investigation has been mede with the revised 1/16-scale
rodel of the Douglas D-558-I1 research airplane incorporating a canopy and
a rnodified vertical tail to simulate more closely the present airplane and
a fuselege-mounted yaw-damper vene. The results of this investigation at
a Mach number of 2.0l indicated the following conclusions:

1. The revised configuration compared to the original configuration
indiceted higher directional stability, positive effective dihedral, trim
1lift coefficlents, and drag. The static longitudinel stebility, tne lifi-
curve slope, and the effectiveness of the horizontal stabilizer were not
significantly altered.

2. The vane effectiveness parameter CRSV increesed repidly with

inereasing 1lift coefficient and slightly with angle of sideslip.

3. The unsymmetrical location of the vane on the fuselage required
slight rudder or vane deflections to maintain zero sideslip.

i, Moderste increases in positive pitching-moment ccefficient and
higher values of trim lift coefficlent resulted from deflection of the
vene.

Lengley Aeronsutical Leboratory,
Netional Advisory Commilttee for Aeromautics,
Langley Field, Va., June 16, 1954.
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TABLE I

DIMENSIONS OF THE 1/16-SCALE MODZL OF TEE DOUGLAS D-558-II RESTARCE AIRPZANE

Wing:
Root airfoil section (no“mal to 0.30 chord of
unswept panel) . . . . . e v e & e s e s & e e e e« «'s . NACA 63-010

Tip airfoil section (normel o O. 50 chovd of

uswept penel) . . . . . . KACA 63-010

Totel area (including fuselage inuercepu), sq PE b e e e e a e s e 0.684
Span, in. . . . . . Gt et e e e e s a e e e s e e e s e e e 18.72
Mean aerodynamic cqord, in. . . . e et e e e e e e e e e e e 5.46
Root chord (parallel to plere of sywmetry), in. e e e e e e e e e 6.78
Tip chord (perallel to plane of symmetry), M. + ¢« 4 ¢« ¢« 4 o o 4 . . 3.83
raper TEEI0 & ¢ 4 4 4 e e s s s e s s s e e s s s e s e s e s e e 0.565
Aspect ratio . . . . . . « s e e 8 e s s o« s s 3.57
Sweep of 0.30-chord 1ine of unswept panel deg e e e e e e e n e e . 35
Incidence at fuselage center line, deg ., . . . . « . “ e e e s e 3
Dihedral, G & + « « ¢ « « s s ¢ 5 o s s« o o &« « o o o ¢ o o ¢ ¢ o o & =3
Geometric twist, deg . . « ¢ ¢ ¢t e vt f e 4 s e e 4 s u e 8 e o]
Jorizontal tail:

Root airfoil section (normel to 0.30 chord of

unswept parel) . . . . .. e et e e s e« s - o « NACA 635-010
Tip airfoll section (nOHmal tc O 30 chord of

unswept penel) . . . . . « e « s s s w s s e s . . RACA 63-010
Area (including fuselage intercept), sq ft t s e & 5 s s & s & @ a @ 0.156
Span, in. « . . . e e s e v e e e et e e e e 8.98
Mean serodynamic chord in. e it e e e s e s et s e e 2.61
Root chord (parallel to plane of aymmetry), in. et e e e s e e e e 3.35
Tip ckord (psrallel o plene of syrmetry), In. . « « ¢« ¢ ¢ & « « « . 1.68
Taper Yatlo ¢« ¢ ¢ @ & ¢ o e o o ¢« o 2 s e 5 o a &« * o 2 s e 4 8 a o = 0.50
Aspect ratic . . e e e e . c 4 e e s e s e s e e 3.59
Sweep of Q. 50-crord line of unswep— panel, deg “ e 2 e e e s s e e ko
Dikhedral, A€ « « ¢ o« ¢ o o ¢ « s & o o o €« = o o ¢ s « o 6 o s o4 c
Elevator area, sg ft . . ¢« & ¢ & ¢ ¢ ¢ o « o« o o s o o o o 4 s v e 0.059

Vertical tell:
4irfoil section (parellel to fuselage center line) . . . . . . . . . NACA 63-010
Ares (leading edge srd *reiling edge extended %o .

fuselage center line,, sgft . ¢ 00 e i e « e s e o 8 . 0.215
Span (from fuselage cenier line), in.e . . « e e e e e e e e s e s 5.25
Root chord (parzllel 4o fuselage centier line), C e s e e e e e 9.14
Ti» chord (parallel tc fuselage center line), in. « v « ¢« « « « & + 1.67
Sweep of C.30-chord line of unswepd penel, GEE .« « « « « = + » o 1+ « 4o
Rudder erea, s@ £ « o ¢ ¢« ¢ ¢ ¢« ¢ v ¢ ¢« ¢ ¢ ¢ o s ¢ o ¢ o a s o o« & €.030

Fuselage:
Lengtk, i, . . . s 4 e & & 8 8 4 = s e 4 e e s a4 s e e e s w8 e . 31.50
Maximm dismeter, in. s e s e e 1 4 s e a1 8 s e s s e s e s e e oo 3.75
Ease diameter, .« T 1.56
FIneness Tatio « v &« o o o ¢ = o o o o o o s o« « s o « o o« o « o o 8.40

Yaw-derper vane:

Airfoil seciion . . « « o Double wedge

Spen, In. @ ¢« ¢ ¢ . o . « o . e e & s s e s 4 e s 5 e & & w oo o o 1
Taper ¥atio ¢« ¢ ¢ ¢« o ¢ o« ¢ ¢ 2 o« o ¢ o o ¢« s o & « e e s o o e e » 0.5
Root chord, dm. « « ¢ ¢ & ¢ ¢ v 4t 4 e ¢ ¢ o o o o 8 o o o s a o s s 2
Tipchord, INe « ¢ ¢ o« s o « o s s ¢ o o ¢ ¢ 6 =« s s s o « o o s « o 1
ASPect TALAO « v ¢ ¢ 4 4 s e @ € s 6 2 e 2 s e e e et e e e e s . 0.67
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TABLE TT

COORDINATES OF THE BODY

[x is distence along model center line
- from the nose of the model; r is the

g I radius; &1l dimensions in inches]
X r
0 0
1.000 .382
2.000 .T19
3.000 1.010
4.000 1.256
5.000 1.457
6.000 1.61k
7.000 1.729
8.000 1.806
9.000 1.851
10.000 1.871
11.000 1.875
16.250 1.875
17.000 1.872
18.000 1.858
19.000 1.833
20.000 1,794
21,000 1,743
22.000 1.679
23%.000 1.602
24 .000 1.513
2k . 297 1.485
31.500 .780
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TABLE IIT

CANOZY ORDINATES

Fuse!oge station Canopy station

ﬂyé

EAll dimensions in inches]

Fuselage Canopy Canopy
station, x geation, Xc Lower surfasce, Zj Upper surface, Zo
3.38 0 1.109 1.109
3.LkL .06 1.125 1.146
3.7 37 1.199 1.371
k.06 .68 1.271 1.601
4.38 1.00 1.339 1.810
4.69 1.31 1.400 1.919
85.31 1.93 1.516 2.020
ag.25 2.87 1.651 2.070
7.50 4.12 1.780 2.060
8.44 5.06 1.835 2.020
9.36 5.98 1.870 1.965
9.70 6.32 1.871 1.940
10.00 6.62 1.879 1.910
10.31 6.93 1.880 1.880
10.61 7.23 1.882 1.882

EY .
Cross sections normal to plane of symmetry:

At %o = 1.93 At xc = 2.87
y Zo y Zp
0 2.020 0 2.070
t.25 1.969 +.25 2.030
+.50 1.582 £.50 1.915

+.75 1.591




TABLE TV
SUMMARY OF THE AERODYNAMIC CHARACTERTSTICS FOR
ORIGINAL AND REVISED MODELS

(a) Complete model

Aop, Cr,, L/D Cy c C
c Cxos Al rim Wrim trim B l ng
Model | Cr nCy, {“Xmin t B
cdel | M| ML (a = 6.50)| (1 = 6°) | (1t = -6%] (1t = -6°) (@ = 0°) | (q, = 00) | (& = 0°)
Original
rmﬁdﬁi 0.047]-0.365{0.061| -0.018 0.425 8.8 2,% ~0,0125 |-0.001% | 0.0020
Revised
mode1 | -O47| -.356| .06T7| ~-.018 Ab5 9.k 2.97 -.0h | -.0019 | .o02h
Estimates for revised model from reference 5 -.013 -.0008 .0036
(b) Tail off
Original
By 20,0605 | 20 | 20.055 | P-0.0047 | Po | P-0.0036
Revised .
model® 0425 0 .056 -.0055 | O -.0039

®Horizontal tail off, no canopy
bHorizontal and vertical tails off, no canopy
CHorizontal and vertical talls off, with cahopy

CedHGT WY VOVN
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TABLE V

COMPARISON OF EXPERIMENTAL AND ESTIMATE=D

VANE CHARACTERISTICS

Mg | g “Cng | Cyey | Cigy | Cmoy
(=) (=) (a)
Experimental | -0.0020 | -0.0002 |-0.0004 [ -0.00C8 | O 0.00022
Estimated -.0015 .00015 | -.0007| -.0006| .00007| .00026

8@Incremental slopes ACYB, ACzﬁ, and ACnB are changes in
cheracteristics of complete configuration resulting from addition of

the wvane.
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Relative wind

Relative wind

L.
-

z

Figure l.- System of stability axes. Arrows indicate positive values.



2819 |

1
30-percent-chord line
~—— of unswept panel

30-perceni-chord line
of unswept panel

— —1628——

~—30 percent chord

/ :;:_._‘38—_-1

-\_______‘-_

—— 57
g - s
I T o
. ! nter 0 < 3.9
%‘E‘Q’iﬁg?ms Lz f
-—31.50—

(a) Three-view drawing of complete configuration.

Figure 2.- Detalls of model.

All dimensions are in inches.
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Area ratios: (Revised to original) Revised
Rudder =0.806 ———0Original
Vertical tail | .136

Confour of mode! bod
—— e four of y
Contour of airplane body —

(b) Vertical-tail configurations of revised and original models.
Vertical-tail area ralbio based on exposed area.

Flgure 2.~ Conecluded.

Fuselage q:_
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O Complete model, i+=(Q° (revised)

O Complete model, i;=-6° (revised)

A Horizontal and vertical tails off (revised) :

D Horizontal tail off(original) = Cx

Figure L.~ Effects of canopy and revised vertical tail on the aerodynemic
characteristies in piteh, B = o°. Flzgged symbols and dashed lines

are for original model (ref. 2).
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O Complete model, it =0° (revised)

& Horizontal and ver'rrcal tails off (revised and onglnal) a2k
O Complete model, it = 2o (original)

4
B, deg
() Cpn, Ci, end Cy against B.
Figure 5.- Effects of csnopy and revised vertical tail on the aerodynamic

charscteristics in sideslip, « = 0°. Flagged symbols and dashed lines
are for original model (ref. 2).



21

NACA RM ISLF25

O° (revised)

Horizonial ond vertical fails off (revised and onginal)

=
i

Comglete riodel, |

O
A

2° (original)

0O  Complefe model, iy

= i1 =y awed iy 2 Y} =
T Tl vl ey al T
ins ..._.m ] lqm_m. Hi I :.W H ,.__...m.
=3 L = ot s [ EHL
= =M = + E H H
= L i iz 2 L i
e T ‘e ! ¥
: Ll = | il HH
1 b= H
= ) ™ T M e it T
= : e P frtH B } ] s ]
T AR [ === iy H I t 1 I
= =] ' I BE 5 1 £ 2
g E[SLEEs [ESiE : e, Sl
T = e STt HE H 0 e
H 3 i marael TRl
e e Ty H Irl-ﬂﬂ H 1 rm
t H 1
il e | T theds _ R b
= =R Tt B H B | B 3 i
= s o o =3 : T : 0 it s
= Te— o D] AT T..r. LS ety
? Tjzd: H X B\ A
= E B i & i
Y il 115 A= I 3 L
T - HE— H- [0 ganns
= T sl I L HEHTT
by | i HH JeEFEL
el - w Jak HH
= i = A G LRI it e
i 3 Hs el
_ =BG i L GHL R i =1
o : ] i Iy 1 tH L T
gt A == H A R = r
N °h H H =+ H
: lul A - m T
= ; Sl el i
Sy ...lhln.._ 20F HH*. T w
=] 4 THT
=L e :
-3 =15 En
; SRERE
1 H B
1 T
! Nt i T w
1 ar m i HH
: ot TP e £
Hh-" -|.rn| T ..l« u
P o et By %
0 J-.ﬂ-.- Lig] l-.n.“ = i i ”
S5 i }
- 1
il T 1 1 e
- 1
ek i
et o fEL e
R 3 3
FRattt
“xhay T o
cEER pads 5 f
s oot [ etr byl
== | LR
e ool e ryas) pr
e e i
e s
u —ay

B,deg

Cx, and G against B8.

(b) CL:

gure 5.- Concluded.

i



2 L] NACA RM L5hF25
1 | .
o T~
Pl 4
(ACY)f | \w\‘t\ -
\—:\\\— s
=1
_2 H ] ! i
O T 1
o —
~ 1
o F‘\\\ i
, Sy
—
(AC) ¢ ——
\\\
-ot . e
1
~_ !
i | i l
-02 | l {
.08,
l | - l
06 Revised mode! i
-— — Onginal model / —~ r
I | | |1 s ’
04 -l
17
(ACn)i // “
o2 e
! L7
T 7
o 1 Vo
| |
el i
-02 '
Ir
—0d] i |
-4 -2 o 2 4 6 8 10 12 14
B, deg
Figure 6.- Effect of canopy and revised veriical tail on (My)t, (ACz)t,

and (ACply. o = 0°.



NACA RM I5LF25 e

006

THTAR=HARE T FRTEE I TG
- it { Hin HEE FeH T T
004 iR L H R it
il i e 15
ot ﬁ T I TTH F L 1 -;:l]-].l— i -
5 + Complete model 3 =
=t i 1 ]
002 Fhr e it
EHT '.":-_-c Eptelees T i e : ST
b ; T
Eupu gty adudgm
Cn o [ Ei NS R R i HEH
B gisaigiss O  Revised model

dHIEEEHHEY [ Original model

Theory ( References 6 and 7)

-.002

o Bé&y-winé

=1

-.004 _IF_.-H_F- e L — =

Shlsil Body [

006 HifiHE iR

6 1.O 1.4 1.8
M

Figure T.- Variation of CnB with M. o

25

2.6

00



ol YN NACA RM IS54F25

(a) Cp, Cy, and o against Cy.
m .4 L

Figure 8.- Effect of yaw-damper-vane deflection on the aerodynsmic
characteristics in pitch. Complete model; B = 0° ig = 0°.
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Figure 10.- Variation of lateral characteristics with yaw-damper-vane
deflection for several values of lift coefficient. B = 0% iy = 0°.
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